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THE EFFECT OF H/E/g-TRIMETHYLSPHINGOSINE ON 
PROTEIN XINASE-C ACTIVITY; 
MELANOMA CELL GROWTH JQg VITRO I 
METASTATIC POTENTIAL JQ8 VIVO AND 
HUMAN PLATELET AGGREGATION 

Portions of the research disclosed herein were 
supported in part by the National Cancer Institute. 

This application is a continuation-in-part 
application of cb-pending application U.S. Serial 
Number 07/724,625 filed 2 July 1991 which is a 
continuation- in-past application of copending 
application U.S. Serial Number 07/636 , 353 filed 31 
December 1990. 

riBLP py tb ™ 

The invention relates to compounds with a 
profoiind effect on protein kinase-C activity and 
mammalian cell proliferation; and methods of using 
the same> 

p',^ OF THE INVENTION 

Sphingosine (SFN) is a long chain unsaturated 
amino alcohol of the formula C 18 H 37 0 2 N found in cell 
membranes and in high concentration in nervous 
tissue. Sphingosine and sphingoid base (a long 
chain aliphatic base comprising a 
l- # 3-dehydroxy-2-amino group at a terminus and 
derivatives thereof) have been implicated as 
inhibitors of protein kinase-C (PK-C) and EGF 
receptor-associated tyrosine kinase (EGF-RK) 
(Hahniin & Bell, Science, 235, 670, 1987 ; Hannun, 
JBC, 261, 124504, 1986? Kreutter et al., JBC, 262/ 
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1632, 1987) , 

Protein kinase-c activity is -related- closely 
to cell growth and recent studies indicate that 
increased tumor igenicity is correlated with oyer 
^ 5 expresisipn of PK-C^ and PK-C T in some experimental 
tumors (Housey et al. , Cell, 52 343, 1988 ; Persons 

/• rt5:^;;/':c^i; si* 447, isas). a mutant PK-c a ■■ ; 

induces highly malignant tumor cells with increased 
metastatic potential (Megidish & Mazurek, Nature, 

10 324 , 807, 1989) . It would appear that aberrant 
expression of PK-C may relate to tumor progression. 

Recent studies indicate that phospholipids, 
sphingolipids and metabolic products thereof have 
an important role in the modulation of 

15 trahsmiembrarie signaling through PK-C and other 
membrane-associated kinases, such as EGF 
receptor-associated tyrosine kinase (Hakomori, JBC, 
tfftf/isili^ 1990) . For example, PK-C activity is 
p^bmpted by diacyl glycerol and inhibited by 

20 sphingosihe (Hannun & Bell, supra; Hannun & Bell, 
Sciexice f 243^ 500, 1989; Mm & Stevens, 
Biochem. Biophys. Acta, 1010, 131, 1989) . 

Sphingosine did not inhibit ^C j^ or 
at concehtratiohs below 100 /Of and did hot exhibit 

25 a stereospecific effect on PK-C (Igarashi et al. , 
Biochem. > 28 , 6796, 198t?);> '^Mar^': of Nthe^;studies 
described above employed sphingosine obtained from 
a comitercial source (for example Sigma Chemical 
Company) and the preparations contained various 

30 impurities including 3-Q-methylsphingosine, 
5-0-methylsphingosine and N-methylsphingosine. The 
impurities are likely to result from the process of 
preparation, namely methanolysis of sphingomyelin 
or cef ebroside. • ^ in the sphingosine 

?->r ;: '^''-35 backbone, the D-erythro c the 
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chiral carbons is often converted to the D-threo 
configuration. 

>• Igarashi et al. (supra) found that the 

inhibitory effect of sphingosine on PK-C activity 
\ 5 is; :: due.f0:' (i) the sterepspecif ic configuration of 

dl to C3 (D-erythro configuration required); (2) 
presence of a long-chain aliphatic group; and (3) 
perhaps most essential, a negative charge at the 
primary amino group at C2. If the amino group was 

10 N-acetylated, the PK-C inhibitory activity was 
abolished since the negative charge of an amino 
group was eliminated by acetylation. However if 
the anionic character of the amino group was 
enhanced by N-methylatiqn, the stereospecif ic PK-C 

15 inhibitory activity was enhanced. 

Interaction of leukocytes with activated 
platelets and endothelial cells is an initial step 
in inflammatory processes and is mediated in part 
by : a family of adhesion molecules known as 

20 selectins. Selectins include MEL-14 in mouse arid 
EIAM-1, LAM-1 and (31P^140 (CD62/PADGEM) in mail. 
The selectins are characterized by a similar 
structural motif consisting of a lectin domain at 
the N-terminal region, followed by an epidermal 

25 growth factor sequence, a complement-regulatory 
domain, a transmembrane region and a C-terminal 
domain (Stoolman, Cell, 56, 907, 1989 and Osborn, 
Cell, 62, 3, 1990) . Members of the selectin family 
bind carbohydrate ligands (see for example, 

30 Springer, Nature, 346, 425, 1990; Brahdley et al., 
+ Cell 63, 861, 1990; Lowe et al., Cell, 63, 475, 

^ ^i9?0;v : iuid : i^z^jj^'l^i-y; Science, 250, 1132, 1990) . 

Based on inhibition studies using a variety of 
glycosphingol ipid liposomes, the binding epitopes 

35 of both EIAM-1 and GMP^-140 expressed on HL60 (a 
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• human promyelpcytic cell line) cells were 
I identif ied as sialosyl-Le* (Phillips et al . , 
Science, 250, 1130, 1990 and Polley et al . * Prpc . 
: lZ:V£Q 1991 # in press). 

5 Expression of selectins is up-regulated by the 

inductive effect of lymphokines, tumor necrosis 
factor (TNFa) , bacterial lipppplysacc^ 
phorbol esters* thrombin and perhaps many other 
cpmpoTO^ together with platelet?/ 

10 thereby are recruited to the inflammatory site. 
Since tumor cells are capable of activating 
platelets (see for example, Ugen et al. , J< Natl. 
Cane. Inst., 80, 1461 , 1988; Watanabe et al., Cane. 
Res., 48, 6411, 1988 ; and Girignani & Jamieson, 

15 Blood, 71, 844, 1988) , a similar process can be 
expected to occur during tumor cell adhesion on 
iicrbvascular endoUielia. Thus , the prbcess of 
,,r^ : - ' ,1nii6^ metia?tasis may be initiated J**^ 

select in-dependent tumor cell adhesion. Although 

20 there is ho evideaice of direct activation of 
endothelial cells by tauaor crells , IL-1 b? 
TNFd-activated endothelial cells have been shown to 
adhere to a variety of tumor cells (Walz et al., 
,' supra) i ■ . / '■ 

25 While the regulatory mechanism for expression 

of selectins is understood poorly, it apparently 
involves a complex sequence of transmembrane 
signaling transducers including protein kinase-C, 
members of the G-protein family (for example, ras, 

30 G s , G f# G 0 etc.) and a 47 kDa phosphoprotein, all of 
which have been shown to be modulated by 
glycosphingolipids and sphingosine derivatives. 
Platelet aggregation and associated ATP secretion 
are inhibited strongly by trimethyisphingosine 

35 (TMS) . The phenomenon could result from inhibition 
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of 47 kDa protein phosphorylation or of 
phosphpinosi t ide turnover as a membrane signaling 
pathway in platelets. 

TMS has a quaternary ammonium structure and 
5 displays excellent solubility in aqueous solvents • 
Although there is no clear evidence that TMS is 
present or has a role in normal cells, 
synthetically prepared TMS has lover cytotoxicity 
and stronger pharmacologic effects on, for example, 
10 tumor cells and platelets . Thus, TMS offers 
advantages over the use of SPN or 
dimethylsphingosine (DMS) in uses wherein the 
effect is responsive to sphingoid derivatives. 

SUMMARY OF TEE INVENTION 

15 One object of the invention is to provide a 

compound and composition for. inhibiting metastatic 
properties of malignant tumor cells, for 
controlling cell proliferation and for treating 
various disorders characterized by abnormal cell 
20 . • . proli f erat ion • ■ ■ 

Another object of the invention is to provide 
a compound and composition which inhibits protein 
'. • kinase-Ci- /v-\ : 

A further object of the invention is to 
25 provide a compound and composition for inhibiting 
platelet aggregation. 

A fourth object of the invention is to provide 
a compound and composition for inhibiting 
r\;V;.:;.'; : inflammation. r : \; r 1 ; 

30 Another object of the invention is to provide 

a method for making N , N , N-trimethy lsphingosirie . 

A sixth object of the invention is to provide 
a medicament and method of treating malignancy and 
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Inhibiting metastatic properties of malignant tumor 
bells. 

A seventh object of the invention is to 
provide a compound for modulating cell adhes ion 
5 molecule -'expression. 

Ah eighth object of the invention is to 
provide a compound for treating thrombosis. 

A ninth objeirt: of the instant invention is to 
provide a method for modulating neutrophil 

10 activity. 

A tenth object of the instant invention is to 
provide a method for minimizing tissue damage. 

Another object of the instant invention is to 
provide a method for minimizing the deleterious 

15 effects of superoxide. 

A yet further obj ect of the instant invention 
is to provide a method for preserving or prolonging 
the preservation of biologic materials. 

The and other objects have been attained by 

20 the development of a method for makingr 
N,N,N-trimethyisphingosine and observations in 
vitro and in vivo of its efficacy in controlling 
cell proliferation and inhibiting malignant 
' ' phenotypes of taaw./celis^^ 

25 ■ ■". it 'ha bv • '• • b e eh -i^i bund- <% h at 
N, N, N^trimethylsphingosine has a higher inhibitory 
activity on protein kinase-C and metastatic 
potential of tumor cells than other sphihgosine 
derivatives; inhibits platelet aggregation and 

30 tumor-induced platelet interaction; inhibits 
inflammatory processes ; affects the expression of 
intercellular adhesion molecules and is water 
soluble. A striking depression of tumor cell 
metastasis by N , N , N-tr imethyl sphingos ine could be 

35 due to its inhibitory activity on protein kinase-C 
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or on platelet aggregation or on both. TMS also 
inhibited superoxide (0 2 ") production, as measured 
by cytochrome C reduction (Superoxide is a highly 
reactive molecule that can have deleterious 
5 biologic effects. Thus, TMS can minimize tissue 
damage by inhibiting superoxide production,) , Q 2 
consumption, phagokinesis, trans-endothelial 
migration, 12-myristate 13 -acetate (PMA) -induced 
protein phosphorylation , particularly of proteins 
10 with Mr's of about 65kDa and 47 kDa, both of which 
could be affected via PKC and 
f o rmy 1 -methi ony 1 - 1 eucyl-phe nylal an i n e 
( f MLP) -dependent turnover change in 
phosphoinositides. 

15 BRIEF DESCRIPTION OF THB DRAWINGS 



1 depicts the structure of 
N, N, N-trimethylsphihgosine and related compounds. 

Figures 2A-2C shew the effect of sphingosine 
derivatives on human tumor cell growth. In Figure 
20 2A the growth of human colonic cancer cell line 
COLO-205 was monitored. In Figure 2B the growth of 
human lung cancer cell line 117-65 was monitored. 
In Figure 2C the growth of human gastric cancer 
' ;: ^;fe^il line MKN-74 was monitored. In each Figure the 
25 ordinate represents the percent inhibition of 
tritiated thymidine incorporation, the solid 
circles represent sphingosine, the open circles 
represent N, Nrd^ethylsphihgosine and the triangles 
represent N^N,N-trimethylsphingosine. 
30 Fiigure 3 depicts the comparative effect tit 

various reagents on tumor cell differentiation. 
MKN - 7 4 eel Is were e x posed to 
N, N, N-trimethy 1 sphingosine (open squares) , 



N,N-dimethylsphingosine (open circles) f 
8^cJiloro-cyclic AMP (open triangles) , dibutyryl 
cyclic AMP (solid triangles) / sphingpsine (solid 
circles) and hexamethy leneb isacetamide (solid 
. squares) .'. " 

Figures 4 A and 4B depict the effect of 
sphingosine derivatives on ; protein; kinase-C 
activity in A43I ceils * & 

method of Kraft and Anderson (Nature 301, 621, 
1983) wis used. In Figure 4A the ordinate shows 
the amount of 32 P-ATP that was incorporated into 
myelin basic protein. In Figure 4B radioactive 
incorporation into histone III-S is depicted on the 
ordinate. In both panels SP represents 

s p h in go s i n e r MM S re p r e s e n t s 
N-monomethyl sphingosine, DMS represents 
N,N-dimethylsphingos ine and TMS represents 
N , N , N^trimethylsphingosine . 

Figures 5A and 5B depict the effect of 
N,N,N-tz:imethylsphingosin^ (open circles), 
N , Nr dlmethy Isphingds irie . (solid circles) and 
sphingosine (open squares) on two melanoma cell 
lines, BL6, a highly malignant cell line (in 
Figure 5A) and Fl, a cell line of low malignancy, 
(in Figure 5B) . Cell proliferation was evidenced 
by tritiated thymidine incorporation into DNA. 
v:. ; : . Figures ; V . 6A-C depict the effect of 
N,N,N-trimethylsfphingosine on lung metastatic 
deposits after intravenous injection of BL6 cells 
into mice. Each graph represents the mean and 
standard deviation of results obtained in 
8 animals. In Figure 6A the open bars depict the 
total number of lung colony deposits; the stippled 
bars depict the number of lung colonies i with a 
diameter of greater than 1 mm; and the solid bars 



depict the number of lung colonies with a diameter 
of less than 1 mm. Bars 1-3 \ depict the number , of 
deposits observed 14 days after injection. 
Bjars 4-6 depict the number of lung colony deposits 
in animals that received BL6 cells and 1 minute 
later received 0.2 mg of N , N , N-tr imethylsphingosine 
(TMS) . Bars 7-9 depict the number of lung colony 
deposits in animals that received BL6 cells and 
0.2 mg of TMS simultaneously. Bars 10-12 depict 
the number of deposits in animals that received TMS 
three hours after administration of BL6. 

In Figure 6B the number of lung colonies was 
determined 16 days after treatment , the treatment 
consisting of varying doses and routes of 
administration . Bar 1: 3 x 10 4 BL6 cells i.v. 
Bar 2: 5 x lp 6 BL6 cells s.c. Bar 3: 3 x 10 4 
BL6 cells i.v. with 0.5 mg TMS i.p. one hour later. 
Bar 4: :,-/5 x 10 6 BL6 cells s> c . with p. 5 mg 
sphingosine i .v. one hour later. Bar 5: 5 x 10 6 
BL6 cells s.c. with three doses of 0.5 mg TMS i.v. 
2, 3 and 4 days later. 

In Figure 6C the dose responsiveness of BL6 
metastatic potential to TMS is presented. Bar : 1 
depicts a control comprising colony numbers in 
lungs of animals wherein 4 x 10 4 BL6 cells in PBS 
were injected i.v. Bar 2 depicts the number of 
colonies in lungs of animals that received 0.1 mg 
of TMS in 100 Ml PBS, 1 minute after injection of 
BL6 cells. Bar 3 represents smimals treated in the 
same manner except that the dose of TMS was doubled 
to ,p.2;-;,.'ag... Bar 4 represents animals that Were 
treated similarly but with 0.5 mg of TMS. Bar 5 
represents aniinals that first were injected with 
0.5 mg of ins in PBS and 1 minute later were 
injected: with 4 x 10 4 BI*6 cells in 100 /il of PBS. 



Sixteen days after treatment, the mice were 
sacrificed^ ltings opened and the number of colonies 
in the lungs were counted under a dissecting 
microscope.-- 

Figures 7A and 7B depict the effect of 
N; N , N-trimethylspiiingosine (TMS) on platelet 
aggregation. A 0.45 ml aliquot of human platelet 
suspension (3-5 x 10 5 platelets per Ml ot Tyrode's 
buffer) was incubated with sphingosine or TMS for 
2 minutes. Then platelet aggregation was induced 
by the addition of either y-thrdmbin (Figure 7A) or 
adenosine diphosphate (ADP) (Figure 7B) in 0.05 ml. 
The degree of aggregation was determined in an 
aggregbmeter and the data analyzed with an 
integrated computer (Kyoto Daiichi Kagaku Co. 
Ltd.p - 

Figure 8 depicts further the dose response of 
platelet aggregation by sphingoid. Aggregation of 
the platelets was induced with 10 nM y^thrombin. 

Figure 9 depicts the inhibition of 
y-thrbmbiri- induced phosphorylation of 40 kD protein 
of human platelets by sphingosine and TMS. Human 
platelets (3 x lpV^i) were prelabeled with 
^P-phospioric acid (0.2 mCi/ml ) p^^^c^ 9 s buffer 
containing 22 mM trisddium citrate> 1 mg/ml glucose 
and 3 . 5 mg/ml bovine serum albumin (pH 6.5) for 
75 minutes at 37*C. After centrifugation (600 x g, 
1.0 minutes) '^the^ platelets were fesuspended in 
Tyrode"s buffer (pH 7.2) r aliquoted in plastic 
tubes and pre-ihcubated at 37 *C for 5 minutes with 
various concentrations of sphingosine and its 
derivatives (added as 50% ethanol solutions with a 
final ethanol concentration of 0.5%) . Platelets 
then were stimulated with thrombin (10 fM) . The 
reactions were stopped after 30 seconds by the 



addition of 5 x sample buffer, the samples were 
boiled and loaded onto 10% SDS-polyacrylamide gels. 
The proteins were separated electrophotectically . 
Lane 1-control without stimulation by thrombin; 
Lane 2rstimulation by 1 jiU/ml of y-thrombin; 
Lane 3 -stimulated by thrombin but added with 1 IM 
IMS r Lane 4 -stimulated by thrombin but added with 
10 MM TMS; Lane 5-stimulated by thrombin but added 
with 20 pM TMS; lane 6-stimulated by thrombin but 
added with 30 mH TMS; Lan^ 7 -stimulated by thrombin 
but added with 20 fM sphingosine; Lane 8 -stimulated 
by thrombin but included addition of 20 jiM 
N, N-dimethyisphingpsine. 

Figure 10 depicts the effect of sphingosine 
derivatives on mouse T-cell line CTLL. Each point 
is the mean of three replicates. In the figure DMS 
represents N, N-dimethylsphingosine and TMS 
represents N , N , N-trime thy 1 sphingosine . 

Figures 11A and 11B depict results of 
representative experiments assessing the percentage 
of platelets capable of binding an anti-GMP-140 
antibody following exposure to various agents. The 
percentage binding activity was determined in a 
flow cytometer. SPN is sphingosine; H-7 is 
l-(5-isoquinolinylsulfonyl)-2-methylpiperazine; Cal 
is calphostin-C; TMS is trimethylsphingosine ; and 
DMS is dimethyl sphingosine. 

Figures 12 A and 12B depict results of 
representative experiments assessing the degree of 
HL60 binding to platelets . Platelets were exposed 
to inhibiting compounds (symbols are the same as in 
the legend to Figures 11A and 11B) and affixed to 
the wells of a microtiter plate. HL60 cells 
labelled with tritiated thymidine were introduced 
into the wells and the amount of . bound 
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radioactivity was assessed. 

Figures 13 A and 13B depict the effect of 
various reagents on neutrophil function. In 
Figure 13A, the effect of TMS on P 2 production was 
5 determined by monitoring the superoxide-mediated 
reduction of cytochrome C (Clifford/ Meth. Enz. , 
105,393, 1981) by 10 6 neutrophils/ml at OD 550 and an 
extinction coefficient of 21000/M/cm in a Beckman 
DU-50 spectrophotometer. The cells were 

10 preincubated for 10 minutes at room temperature 
with the noted concentrations of TMS prior to 
stimulation with 1 fOA EMA (time 0) . In Figure 13 B, 
it is noted that oxydradical production was 
inhibited i^ediately upon exposure to 15 MM TMS. 

15 Figure 14 depicts the effect of various 

reagents on neutrophil 0 2 consumption. The 
Clark-tree electrbde and oxygen monitor -were.,; 
calibrated using air-saturated water according to 
the manufa^ Inc^ # 

20 i Yeili^ OH) < A riding of 100% was 

coiisidered to be equal to the cohc^tratipn of 
oxygen in air-satxxrated waters 

DETAILED DESCRIPTION OF THE IKVENTIQM 

N f N # N-trijnet^ylsphingosin^ (IMS) is highly 
25 water soluble, particularly at physiologic pH. 
Thus the compound has a distinct advantage over 
sphingosine, N-monomethylsphingosine and 
N,N-dimethylsphingqsine, which are less water 
soluble > as a modulator of cell proliferation. 
30 As used herein, sphingosine indicates 

sphingosine irrespective of D-rPir, erythro- or 
. threo- configuration. 
'■"V^?^:Vt-/"'- : Also^a4.iw^ herein, " cells n include nucleated 



and anucleated structures. Thus, in addition to 
the 1 classical? cells, such as lymphocytes and 
endothelial K cells, biologic structures such as 
erythrocytes and platelets fall within the ambit of 
' the term. " :y >' } >'' : : 

As used herein, blood or blood products 
includes whole blood, blood cell preparations, such 
as packed leukocytes or packed platelets, and the 
like, outside of the body. 

Further as used herein, "synthetically 
prepared 11 means a product prepared from 
commercially available reagents and building blocks 
and assembled into sphingosine and derivatives 
thereof by chemical reaction in vitro . Otherwise , 
sphingosine** are prepared from sphingqlipids which 
occur naturally. 

' ;'_^m«ub* : ■' Off the muiti-fuctibnaiized nature of 
the parent molecule, sphingosine, direct 
guatemization by exhaustive methylation (Sommer 
«et al.,-- : ^ 36, 824, 1971) pr reductive 

methylation using aqueous formaldehyde 
(O^O/NaHgPQj) is not always reproducible . 
Alternatively, N, N,N-trimethyisphingosine can be 
prepared synthetically from commercially available 
unsubstituted reagents. For example, uhsubstituted 
sphingosine (Sigma Chemical Company) can be 
derivatized to form the compound, 
(4E) -H^-dimethyl-D-erythro-sphingosine, by a known 
method (igarashi et al. JBC, 265, 5385, 1990) . The 
N , N-dimethy lsphingosine so obtained undergoes 
guatemization in almost quantitative yield. 

Briefly, about a 37% aqueous solution of 
formaldehyde (which is about 20 eq. ) is added to a 
solution of fi-erythro-sphingenine in acetate buffer 
(NaOAe-AcOH-^0 , pH 4.5) . The solution is mixed at 
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room temperature for about 10 minutes iand then 
sodium cyanobprohydride (NaBHj-CN) is added three 
times (at about 3.0, 2.0 and 1.0 eq. , 
respectively); Excess methanol is added 

5 sequentially isrt five minute intervals . The 
solution is concentrated under a nitrogen stream in 
an "N-EVAP" (Organomat ion Assoc. , Inc., South 
Berlin, MA) and the compound extracted with 
chloroform. When the quantity is large (that is 

10 more than about 5^10 mg) , the solution is 
recommended to further concentration under reduced 
pressure in a roteucy evaporator. 

The extract can be purified by high pressure 
thin layer <Arom using standard 

15 procedures . By that technique the compound has an 
R f of about 0.6 in a buffer comprising 
CHCl 3 :MeOH:NH 4 OH in a ratio of 8:2:0.2 by volume. 

N # N-dimethylsi*ingpsine prepared as described 
above was obtained as a colorless syrup in about 

20 80% ; yield, j ■:;\ i <lie. i 9»XjBcAli»-' 3bflB«" " & foraula weight of 
329.3281 with a ^nanila of C^H^^Og ^ ^d^ced front 
high resolution mass ; spectrometry^; 
Theh^ ^ 

(4E) ^N,l^ dim (DMS) are 

25 dissolved in about 1.5 ml of anhydrous chlorofbtm. 
Freshly distilled iodomethaii^ (a volume of about 
170 Ml/ 2.73 m/mol) is added to the DMS solution 
and the mixture is stirred in the dark at ambient 
temperature. (The amount of excess iodomethane is 
30 not critical and amounts from 25 to 100% ip excess 
produce satisfactory results. ) '. 

The reaction generally is complete in a few 
hours , although for convenience the mixture is 
allowed to stand overnight. Progress of the 
35 reaction can be monitored by thin layer 
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chromatography (TLC) using a buffer comprising 
ethyl acetate : methanol : ammonium hydroxide in a 
ratio of 20:10:2. After incubation, the 
precipitated quaternary ammonium salt is diluted 
5 with water and then repeatedly extracted with 
c&loroform (3 ml x 4) . The organic layer is dried 
over magnesium sulphate and then concentrated 
in vacuo; • .7, 

Practicing the above method, 37 mg( 8 6% yield) 
10 of compound was obtained as yellow crystals. 

The yellow crystals are dissolved with 
stirring in an aqueous suspension of preneutralized 
(pH = 7.00) anion exchange resin (chloride form, 
Dowex 1 x 2-400, 500 mg) at room temperature for 
15 three hours. The mixture then is filtered through 
a sintered glass funnel and then freeze dried 
(8 millitdrr for two days) . 

Practicing the above method, 26.5 mg (93% 
yield) of N, N , N-tr imethy lsphingosine chloride salt 
20 was obtained. The structure of the product was 
ascertained by proton nuclear magnetic resonance 
(500 MHz , CDC1 3 ) and found tfo contain nine hydrogen 
groups and a trimethyl derivatized amino group. 
r H-NMR (D 2 0) 6 0.88 (t, 3, £ = 6.8 Hz, Me), 1.31 
25 (br s, 22, llxCHg) , 2.68 (q, 2, 2 = 6.8 Hz, 2xH-6) , 
3.29 (s, 9 N^ej), 3,38 (br s, 1, H-3), 4.13 (br s, 
2 V 2xH-l ) , 5 . 57 (dd, 1 , J = 3.1 and 3 . 4 Hz, H-4) , 
and 5.90 (m, 1, H-5) . The predicted molecular 
; formula pf the compound is C^H^NOj with an expected 
30 molecular weight of 342.3372 and mass spectroscopy 

A-0.0003) . 

The effect of TMS on cell proliferation can be 
demonstrated in part by exposing various tumor 
35 cells to the compound in vitro and In vivo . For 
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comparison purposes those same test cells also are 
exposed to sphiirigdsine *nd N , N-dimethy lsphingos ine . 
A ready advaiitiage of TMS over the other two 
compounds is the water solubility thereof. 
5 N, N-dimethy Isphingosine and sphihgosine are soluble 
in water as chloride salts and at slightly acidic 
pH. At neutral or physiologic pH # those solutions 
tend to form opaque suspensions. TMS is soluble 
under acidic, neutral dr basic conditions providing 

10 stable, clear solutions. 

An in vitro assay relying on tritiated 
thymidine iricbi^oratioh can be used to ascertain 
the effect of various compounds on cell 
proliferation. Briefly, tumor cells are seeded in 

15 flat bottom 96 well plates (Corning, NY) at a 
concentration of 2 x 10 4 cells per well. The cells 
are cultured for 2 days in DHEH containing various 
concentrations of sphingoid, which is added as a 
PBS solution. The medium then is supplemented with 

20 tritiated thymidine at a concentration of 0.5 /iCi 
per well. Following ^ six hour incnibation the 
cells are collected using the PHD Cell Harvester 
(Cambridge Technology, Cambridge, MA) and amounts 
of incorporated radioactivity are determined after 

25 "I !;^a^iiiji"V ■a^-=;>«u±ife^Ie" ; cell-,; v ;iysin^; : agent and 
scintiliation • cocktail > such as ScintiVerse BD 
(Fisher Scientific; Fairlawn, CA) which performs 
both functions. 

Three cancer cell lines were examined, 

30 Colo-205, a human colon cancer line (ATCC No. CCL 
222) ; Lu-65, a lung cancer cell line (T. Yamada 
et al . , Jpn. J . Cancer Res, , 2£, 967-976 (l£j?5) ; 
and MKN-74> a gastric cancer cell line (Motoyama 
et al; > Acta Med. Biol. , 27, 49-63 (1979) . 

35 As depicted in Figure 2, in each case TMS was 
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superior to sphingosine in the ability to inhibit 
. tumor ceil groWth, (In the figures, the results 
are presented as the percent of cell growth 
inhibition relative to control cultures that were 
5 not exposed to a test substance.) TMS showed an 
advantage over DMS although hot of the same 
magnitude. Nevertheless because of the increased 
efficacy of TMS over DMS, lower amounts were 
required to effect a specified level of inhibition. 
10 :v^ : :.'jThe. enhanced inhibitory activity of TMS is 

vaii4^^^^ the; dfi^lta summarized in Figure 3. 
MKN-74 cells were exposed to cAMP and derivatives 
thereof and to HMBA, which are known to inhibit 
tumor cell growth by differentiation induction. 
15 Clearly, THS yas 1die most : effective inhibitor of 
tumor cell growth. 

in another in vitro assay, the influence of 
Various compounds on PK-C activity can be 
monitored . Certain tumor ceils present high levels 
20 of PK-C activity. The human epidermoid carcinoma 
J;^^/.;;.,^li,;iiM A-431 (ATCci No. CRL 1555) can be used in 
a bioassay for PK-C activity *lb described in 
;; l h}^.,^g^^^i^^ . et al. (supra) ■. : ;>'-:v : : Briefly, '. \ 
phpsphatidylserine (5 jiig/tube) and 1,2-diolein 
25 (0. 05 tig/tube) , with or without an appropriate 
guemtity of a sphingosine derivative sample, are 
added in ah organic solvent, ethariol or 
ethanpl/dhlproform, to a 1.5 mi tube (Sarstedt) and 
the mixture is evaporated under a N 2 stream. The 
30 lipid miacture is sonicated in about 30 nl of 20 mM 
Tris-HCl (pH 7.5) for minutes, The resulting 
liposomes are supplemented with a buffer mixture 
comprising 25 mM Tris-HCl (pH 7.5), 10 mM MgGl 2 , 
400 MM EDTA, 50 /iM EGTA, 500 /iM CaCl 2 , 200 Mg/ml 
35 histone ili-S or myelin basic protein and 
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20 MM y[ ?2 P]^ATP (2 x lb 6 cpm) to a final volume of 
about 90 : fii. 

Tihie reaction : is initiated by adding about 
.,1a • jjil; o£; -which is prepared from A431 cells as 
5 described in igarashi et al. (supra) or from mouse 
brain as described in Kikkawa et al. (Biochem. 
Biophys. Res. Comm., 135, 636, 1986) and containing 
about 1-2 fig protein, and the mixture is incubated 
for ten minutes at 30*C. The reaction is 

10 terminated by the addition of 1 11 of a 1 mM ATP 
solution at pH 7.5 containing 25% TCA and 1% BSA. 
The precipitate is collected by centrifugatiori, 
washed twice with 1 ml of 25% TCA, theh dissolved 
in l ml of 1 M NaOH containing 0.1% deoxycholate 

15 with slight heating (80 re for ten minutes) and 
counted in a scintillation counter. Reaction 
mixtures without phosphatidylserine, 1,2-diolein or 
Ca^ are used as controls . 

Data from a series of experiments using two 

20 different substrates, histone III-S and myelin 
basic protein, are summarized in Figure 4. 
Regardless of the substrate, IMS was superior to 
tlie other compounds in the ability to inhibit PK-C . 
Although the data show a superior PK-C 

25 inhibitory activity of TKS over the remaining 
tested compounds , theriet are other advantages to 
TKS . Certain cancer cells show a higher metastatic 
potential and invasive capability than others. For 
example the BL6 and Fl6 meleuibma cell lines are 

30 highly metastatic and invasive. On the other hand, 
the Fl variant is much less metastatic and invasive 
(I. R, Hart et al. , Amer. J* Pathol. / 21, 587-592 
(1979) ; G. Poote et al., Cancer Res. 12, 2770-2778 
(1982) ; Fl and F10 clones from ATCC , CRL 6323 and 

35 CRL 6475, respectively). 
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BL€ and Fl cells were tested in vitro as 
described above. As shown in Figure 5 IMS Was more 
effective than DMS and sphihgosine at inhibiting 
cell growth. Also BL6 cells were more sensitive to 
IMS treatment as evidenced by the leftward' shift of 
the TMS curve to lower concentrations . 

The effects TMS in vivo is summarized 

in the graphs comprising Figure 6. BL6 cells wer6 
injected into mice and metastatic deposits in the 
lung wiere assessed after various treatments 
including route and timing of administration. TMS 
is effective in suppressing lung colonization and 
tuiadr development irrespective of route or timing/ 
although early treatment is preferred and repeated 
treatment is more effective. As revealed in the 
data summarized in panels B and C, there was a 
distinct dose responsiveness of lung tumor 
colonization to TMS. 

Another aspect of TMS is the profound effect 
it has on platelet aggregation (for the purposes of 
the instant inv^t ion, platelets are considered 
cells) . As presented in the .'; data summarized in 
Figures 7 and 8, TMS inhibited platelet aggregation 
in a dose-responsive fashion. 

Upon t^rconibin stimulation; a 40 kD platelet 
protein is phoisphbrylated . As noted in Figure 9 , '. 
TMS exposure inhibits phosphorylation of the 40 kD 
platelet protein. While not wanting to be bound by 
their statement, the inventors believe that essence 
of phpsphorylated 40 kD protein prevents platelet 
aggregation. . 

Platelet activation is of central importance 
for initiation of numerous biological processes 
related to hemostasia, inflammation, wound healing 
and tumor cell metastasis and invasion. There are 



many factors and mechanisms which influence 
platelet activation and many consequences of 
activation. The select in GMP-140 binds to 
neutrophils, HL60 cells or tumor cells which 
express sialosyl-Le x . Mechanisms of expression of 
GMP-140 and its subsequent binding to sialosyl-Le* 
are of central importance for initiation of 
inflammatory processes as weii as tumor cell 
metastasis. GMP-140 expression is down-regulated 
or blocked by preincubatiori with IMS. The 
possibility of a cytotoxic effect of TMS on 
platelets is excluded clearly by the fact that 
platelets show normal ristocetin- induced 
aggregation following incubation with TMS. 

The utility of TMS is not limited to the 
suppression of malignant cell growth. Inflammation 
is characterized in part by a proliferation of 
lymphoid and myeloid cells. Generally the 
proliferation serves a beneficial purpose, such as 
sequestration of foreign antigen or enhancement of 
restorative capabilities following an insult, but 
at times can occur abnormally, for example as a 
result of ah autoimmune dysfunction. Thus TMS has 
utility in controlling cell proliferation of 
apparently nbrmal - cells. 

. For example, mouse CTLL-2 cells (ATCC No. TIB 
214 ) a T lymphocyte cell line, were plated at 
1.5 x Id 4 cells per well and exposed to test 
substances. Cell proliferation was monitored by 
thymidine incorporation. The data of several 
experiments are summarized in Figure 10. TMS was 
effective in suppressing CTLL-2 cell growth * 

Accordingly, the present invention provides a 
method for inhibiting growth of human and animal 
ceils comprising the step of exposing said human or 
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animal qells to a cell growth inhibiting amount of 
N^N^NTtrimethylsphingosine or pharmaceutically 
acTOptable salt;s thereof. 

Because IMS has an inhibitory activity on 
5 protein kinase C and other kinases, TMS likely 
prevents the expenditure of intracellular ATP 
stores and hence dampens metabolic activity, in 
addition to the platelet aggregating inhibiting and 
cell adhesion inhibiting activities described 
10 herein. Thus, TMS can be used to preserve or to 
prolong storage of biologic materials, such as 
"'bipod' products;. 

For example, it has been shown that TMS 
retards erythrocyte metabolic activity in vitro 
15 under normal blood storage conditions as evidenced 
by a reduction of erytlirocyte enzyme activity. 
S imi lar results can be expected for leukocytes and 
platelets, 

i^cordingly, TMS can be used as an adjunct to 

20 methods and formulations now in use for tlie 
preservation or storage of biologic materials/ A 
cell growth inhibiting amount of TMS can be added 
to the storage medium. ; 

Neutrophils (pbiymoz^honuciear leukocytes) 

25 display three major agonist-dependent responses 
which normally are manifest in three major 
functions: (i) an exidative burst to produce 
superoxide (0 2 -) ; (ii) phagokinetic migratory 
activity; and (iii) the ability to interact with 

30 activated endothelial cells (EC's) and platelets. 
Mechanisms (ii) and (iii) result in adhesion to 
EC's and migration through the EC monolayer into 
the vascular or extravascular matrices. Normally, 
the functions collectively provide a useful 

35 mechanism for disposing of microorganisms in an 
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inflammatory type response. However, accumulation 
and overf unction of neutrophils during inflammatory 
disorders can result in t damage and 

circulatory disturbances. 
5 Neutrophil responses are triggered by numerous 

stimuli, including chemotactic peptides (e.g., 
• f^ (fMLP) , arachidonat^, 

short-chain diacylglycerol (DAG, C8-DAG) and 
phorbol esters (e.g., EMA) . 

10 Superoxide production in neutrophils obtained 

: using art-recognized methods, for example, see 
Nojiri eit al., Blood, 64, 534, 1984, as determined 
by reduction of cytochrome C, is inhibited by TMS 
in a / dose-dependexit manner (Figures 13A and 13B) . 

15 TMS (20 MM) completely abpl ishes superoxide 
production. (The reduction of cytochrome C is 
monitored using known methods, such as the method 
of Clifford; Meth. Enz., 105> 393; 1981, 0 t 
consumption of neutrophils, as determined by 

20 electrical conductivity using am oxygeri monitor and 
micro 0 2 chamber assembly (Y.S.I. Inc., Yellpw 
Springs, OH) , is erihahced significantly by PMA. 
The PMA-dependent enhancement : of p 2 consumption is 
inhibited strongly by TMS (Figure 14 ). 

25 The phagdkinetic activity of neutrophils on 

gold sol-coated plates can be determined by a 
technique essentially as tatiig^t in Albrech^ 
(Cell, 11/ 39^^ 1977). Phagokihetic activity is 
suppressed significantly b m 1.5 MM TMS 

30 and completely suppressed by 4.5 tM TMS. The 
TMS-dependent inhibitory effect is reversed 
completely when the culture medium is replaced with 
IMS-free medium. Thus, the inhibitory effect of 
TMS on phagokihetic activity is not dependent on 
". " 35 ; :cytotokicity. 
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; A characteristic of neutrophils is the ability 
tp adhere to activiated EC's and to migrate through 
the EC monolayer into the vascular or extravascular 
matrix. o'-Ther effect of TMS oh neutrophil 
5 interactions with EC's and their subsequent 
ttans--endbthelial migration thereof can be 
monitored in vitro using human umbilical 
endothelial cells (HDVEC's) (Luscinskas et al., J. 
Imm. , / 146, 1617 # 1991) . Neutrophils are added to 

10 a HUVEC monolayer and neutrophil-HUVEC interactions 
are assessed microscopically following fixation, 
embedding and staining of monolayer sections. 

Under physiological conditions, neutrophils 
are able to migrate into the collagenous matrix 

15 through the EC monolayer. When EC's are activated 
with IL-10 in M199 medium for 4 hours > neutrophils 
migrate into the collagenous matrix within 
90 minutes. Neutrophil migration is inhibited 
strongly by pre-treatment of neutrophils with 

20 8 MM TMS, and completely inhibited by pre-treatment 
with 25 MM TMS. 

The dose-dependent inhibitory effect of TMS 
and other protein kinase inhibitors on migration of 
neutrophils through the IL-l/3^activiated EC 

25 monolayer is summarized in Tables I and II. TMS 
(15 /iM) greatly reduces the number of cells 
migrating through the EC monolayer without 
affecting the viability of the cells. Calphostin C 
(5 MM), 200 mm H7 and 2 mm staurosporine produce 

30 similar cytotoxic effects on neutrophils although 
staurosporine and calphostin C produce striking 
morphologic damage to EC's (Tables III and IV) . 

TMS (15 MM) shows no significant cell 
cytotoxicity whereas is MM SPN and 15 mm DMS show 

35 12-13% cytotoxicity. At 25 MM, SPN and DMS produce 
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TABLE I 

suppression of phagokinetic activities by 
protein kinase inhibitors 



5 Tnhibitort Area Swept N 

CONTROL 100±2S%* ; ; 178 

■ TMS (4.5 MM) ■ .. .'• 16118 / ;?3-- 

SPN (4.5 MM) 14± 7 72 

DMS (4.5 MM) 26±25 132 

10 H-7 (200 MM) 27± 6 75 

Staurosporine (0.2 MM) 13112 6? 

Calphostin C (0. 5 MM) 39±11 65 

Ceramide (4.5 MM) 109125 fi 2 



15 *mean 1 sample standard deviation 

§ The area swept by neutrophils was determined in 
photographs of the monolayers. The regions cleared 
by neutrophil movement were then cut out and 
weighed. ■ 

20 t H-7 was obtained from Seikagaku Kogyo (Tokyo, 
Japan); staurosporine and calphostin C were 
obtained from Kamiya Biochemical Co. (Thousand 
Oaks, CA) ; and ceramide was obtained from Sigma. 
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TABLE II 

Effect of TMS and ceramide on neutrophil 
transmigration 



MM 


TMS 


Ceramide 


-°:'.:V- 


100+17* 


100117 L 




• : ~V ?6±i8 


$2±24l; ; : : ; 




66128 


np 


15 


■ ' 4i±8.7 


87+27 


25";-' 


... 6*814.1 ; 


ND 


i;45 ';;.•">; 


.. 1.2±1.2 


83116 



15 



* mean ± sample standard deviation (N = 25) 
Cross-sections (2 p) of the collagen bed with 
HUVECjs and neutrophils were observed using a Zeiss 
light microscope with KPL W10 ahd Ph2 Neofluar 16 
lenses. M/.The.. number of cells transmigrated were 
counted -for each view. 



ND = Not Done 
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. TABLE III . 
Effect of various RKC inhibitors on neutrophil 

transmigration through endothelial monolayers 

5 Effectors w,„nh«»i- of cells/View Viability 

control 100±14* 94+2.1 

15 MM TMS . . 39±17 . 97±2.9 .. 

15MMSPH 36±12 87±5.3 

200 MM H^7 38±12 79±7.1 

10 2 MM Staurosporine 52±25 83+3.6** 
5 MM Calphostin C 19±8.9 46±5.5** 



♦mean + sample standard deviation (N = 25) 
♦♦significant morphologic damage to HUVEC's. 
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TABLE IV 

Recovery b£ phagokinetic activity from effectors* 



•v^Treatirient ^ 


-a^ea. iSyepV 


, 1W 


control (w/o further incubation) 


10Q±25t 


3OT 


control (0.1% ethanol) 


92±30 


us 


TMS (12 MM) 


.;• 92±34 ■-■r,; 


77 


SPN (12 /iM) 


42±24 


as 


DMS (12 jUH) 


32±19 


332 



fmean ± sample standard deviation 
♦Neutrophils were pre^ incubated with 12 jiM of the 
noted treatment for 10 minutes in test tubes and 
then distributed to the monolayers. The treatment 
15 reagents [ were diluted 260-fold following that 
procedure. 
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TABLE V 
Viability of neutrophils 



tm 


Ceramide 


•rats 


SPN 


DM5 


0 


97+3* 


97±3 


97±3 . 


97±3 


5';. : 


• 98±2 ■ 


98±2 


95±3 


96+3 


15 


■ .?■■■/ 96±i • 


97+3 ', 


87+5 


88±8 


25 




83±6 


53±18 


29±5 


45 


91±3 


63±8 


5±5 


0±1 



* mean ± sample standard deviation (N=8) 
The concentration of neutrophils ranged from 0.8 to 
1.7 x 10 6 /ml. The viability was evaluated by trypan 
blue exclusion assay. The cell suspension in 
15 RPMI 1640 with glutamate and pyruvate without FCS 
was incubated at 37* C for 10 min with effectors, 
l^e alicjiubt was mixed with ah equal amount of 
trypan blue solution and immediately counted under 
Nikon ' light microscope. . V:'/J. 
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major cytotoxic damage to neutrophils whereas the 
effect of IMS is negligible (Table V) . 

When neutrophils , metabqlically labeled with 
[ 32 P] sodium phosphate (2 mCi) for 1 hr to enrich 
5 intracellular ATP> are stimulated with 1.5 iM PMA, 
two protein bands following SDS-PAGE show greatly 
entoc^d phospho^iatibni the proteins have 
molecular weights of about 47 kOa and 65 kDa. When 
n SPN, 

10 .;^mts'i/'6r_ : TMS and then stiiulated With PMA, 
phosphorylation of both proteins is diminished 
significantly. ; ^XfO^itp^ effect: on 

phosphorylation is observed within 2 minutes of 
incubation. Because phosphorylated 47 kDa and 

15 65 kDa proteins appear to be direct substrates of 
PK-C, the inhibitory effects of SPN, DMS, and TMS 
may occur via an inhibitory effect on PK-C. 

Metabolic incorporation of [ 32 P] sodium 
phosphate (4 mCi ) into phosphat idy linositol (PI), 

2 %^:y phosph^tidylinositol-4-ph (PIP) ;and 

phosphatidyl inositol-^ (PIP2) is 

enhanced by chemotactic peptide fMLP (1 /xM) . The 
fMLP-depeiident enhancement is suppressed strongly 
by pre- incubation of neutrophils with 5 p3t TMS. 

25 Relative intensity of tHLPr induced iabeling in PIP 
and PIP2 ; and the effects of SPN> DMS and TMS on 
metabolic incorporation of ^P into PIP and PIP2 are 
summarized in Table VI. 
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■'J-: : - TABLE VI 
Effect of TMS, DMS and SPN on phosphoinos itide 

turnover 



Effector 


PIP 


PIP2 


control 


100 


100 


1 MM fMLP ; 


182+39* 


147+32 


5 /iM TMS plus fHLP 


127±19* 2 


98+7. 2** 


5 MM SPN plus fHLP 


174±37 


128+13 


5 MM DMS plus fMLP 


146+27 


109+17 * 1 



*> mein ± sample standard deviation (N = 6) 
*1/ P;< P- 05 
*2, p < 6.02 

^ in PIP and PIP2 was measured using TLC 

s^aratipn. The spots on TLC plates were scraped 
off and the radioactivity therein was measured with 
a Beckman scintillation counter. Each spot was 
20 compared as to intensity with the identical spot of 
the control sample. 
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The present invention further provides 
medicaments and treatments for inbibiting growth in 
human and animal cells and aggregation of human and 
animal platelets comprising: 
5 (1) a therapeutically effective amount 

of N,N,N-trimethyisphingosine or 
pharmaceutically acceptable salts 
thereof; and 
(2) a pharmaceutically acceptable 
10 carrier, diluent or excipient. 

The medicaments and methods are applicable 
both for in and in vivo applications. 

Specific uses include treatment of malignancies, 
benign tumorous growths, inflammation, other 
15 manifestations of immune system dysfunction and 
yhen the immune system inappropriately or 
excessively responds to a stimulus; 

The medicament comprises an effective amount 
of IMS and a pharmaceutically acceptable carrier, 
20 diluent or excipient. The effective amount of TMS 
can be determined using art-recognized methods, 
such as by establishing dose-response curves in 
: J suitable animal models, such as described herein or 
in non-human primates, and extrapolating to human; 
25 extrapolating from suitable in vitro data, for 
example as ! described herein; or by determining 
effectiveness in clinical trials. V 

Trimethylsphingosine alsb has prof ound effects 
on cell adhesion molecules. The effect is 
30 evidenced by the inhibition of cell adhesion 
molecule expression by platelets. For example 
thrombin induces expression of GMP-140 in 
platelets. However, exposure of platelets to TMS 
inhibits GMP-140 expression. Thus, TMS will be 
35 ; useful in disorders that rely on cell adhesion 



molecule dependent-processes. As noted above, 
GHP-140 , as does ELMf-1, binds s?ialosyl-Le x . Thus, 
IMS will v find utility in preventing 
lymphocyte-endothelial cell adhesion and subsequent 
interactions between cells such as the development 
of an inflammatory state at a site of injury. 

Suitable doses of medicMiertt s of the instant 
invention depend upon the particular medical 
application, such as the severity of the disease; 
the weight of the individual, age of the individual 
half -life in circulation etc., and can be 
determined readily by the skilled artisan. The 
number V : .6£. : :^dbftes> ' . diaily.- dosage and course of 
treatment may vary from individual to individual. 

TMS can be administered in a variety of ways 
such as orally, parenterally and topically. 
Suitable pharmaceutical^ acceptable carriers, 
diluents, or excipients for the medicaments of the 
instant invention depend upon the particular, 
medical use of the medicament and can be determined 
readily by the skilled artisan. 

The medicament can take a variety of forms 
such as tablets, capsules, bulk or unit dose 
powders or granules; may be contained within 
liposomes ; or may be formulated into solutions, 
emulsions, suspensions, ointments, pastes, creams, 
gels, foams or jellies. Parenteral dosage forms 
include solutions, suspensions and the like. The 
medicament is likely to contain any of a variety of 
art-recognized excipients, diluents, fillers etc. 
Such subsidiary ingredients include dis integrants, 
binders, liibrica^ts, ^f actahts # emulsifiers, 
buffers, moisturizers, solubilizers and 
preservatives. The artisan can configure the 
appropriate formuiatibn comprising TMS and seeking 



guidance from numerous authorities and references 
such as "Goodman & Gilmsui's, The Pharmaceutical 
Basis : of Therapeutics 91 ( 6th ed . , Goodman et al . , 
^ds • , MicMillan Pubi i Co ; , KY> 1980). 

In body sites that are characterized by 
continual ceil growth or require cell growth 
inhibition because of dysfunction and are 
relatively inaccessible, TMS can be administered in 
a suitable fashion to assure effective local 
concentrations. For example, TMS may be injected 
in a depot or adjuvant, carried in a surgically 
situated implant or reservoir that slowly releases 
a fixed amount of TMS over a period of time or may 
be complexed to recognition molecules with the 
capability of binding to the site presenting with 
abnormal cell growth. An example of such a 
contemplated scenario is a recognition molecule 
that is an antibody with binding specificity for a 
bone marrow specific antigen wherein said marrow 
specific antibody is complexed to TMS, said complex 
administered to a patient with leukemia. 

Certain aspects of the invention are described 
in the following non-limiting Examples. Unless 
otherwise indicated, all amounts and measures are 
in w/v or y/v relationships. 

^example 1 

Platelets were isolated from platelet-rich 
plasma (purchased from the Oregon Red Cross, 
Pori:landV OR) . Contaminating erythrocytes were 
removed by centrifugation (80 x g for 10 minutes) . 
Platelets were obtained by centrifugation (300 x g 
for 10 minutes) , washed once in Tyrode ■ s buffer 
(pH 6.5) containing 22 mM trisodium citrate and 
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0.35% (w/y) BSA and resusperided in the same buffer 
to obtain a concentration of 1-2 x 10 9 platelets/ml. 
All procedures were performed at room temperature. 
A suspension of platelets (3 .5 x 10 8 /ml); in 
5 Tyrqde^s buffer was preincubated with various 
i hh i b i tor c o npound s ( H - 7 is 
[l^(5-isoquinblinylsulfonyl)-2^methylpiperazine f a 
synthetic protein kiiiase-C inhibitor purchased from 
Seikagaku America inc. , St. Petersburg, PL], 

10 calphostin-C [a synthetic protein kinase^-C 
inhibitor obtained from Dr. Saitoh, Kyowa Hakko 
Co* ^ Ltd. / Machida, Tokyo, Japan] , sphingosine 
[purchased from Sigma, St, Louis, MO] and 
dimethyisphingosine and trimet*ylsphingosine 

15 [synthesized according to igarashi et al . , 
fv^v-Bid^ 28, 6796, 1989]) followed by addition of 
thrombin or ADP (both purchased from Sigma). 
Platelet aggregation was evaluated by transmittance 
change using an aggregometer . (Chrono-log Corp. , 

20 Havertown, PA) equipped with a computer analyzer. 
IMS inhibited platelet aggregation. 

EXftfiPI^ 3 

GMPr-140 expression was determined by (i) flow 
cytometry with mAb AC1.2, which is directed to 
25 ■" T}y GMP-140 and obtained from Dr. Furie (Tufts Univ. 
Sch. Med. , Boston, MA) and (ii) adhesion of HL60 
cells on platelet-coated solid phase. 

A suspension of platelets (1 x 10 8 /ml) in 
Tyrbde 1 s buffer was preincubated with inhibitor at 
30 pH 7 . 2 37 *C, f 6r 5 minutes, then supplemented with 
% activator, either thrombin (final concentration 
1 XT/ml) : .! : br : ptiorbbl 12— myristate 13 -acetate (PMA) 
( final concentration 10't M) , and th< mixture was 



incubated at 37 *C for 10 minutes. Platelets were 
fixed with an equal volume of 2% (w/v) 
paraformaldehyde in PBS and washed 2 times with PBS 
containing 1% (w/v) BSA. 

The paraf ormaldehyde-f ixed platelets were 
incubatedi with 50 pi of mAb AC1.2 (2.5 pg/ml) at 
room temperature for 30 minutes. Platelets were 
washed 2 times with PBS containing 1% (w/v) BSA, 
supplemented with 50 jxl of fluorescein 
isothiocyanate-labeled goat anti-mouse Ig 
(purchased from Tag?'. Co. , Burlingame , CA) , 
incubated at room temperature for 30 minutes and 
again washed 2 times with PBS containing 1% (w/v) 
BSA. As a negative control , paraf ormaldehyde-f ixed 
platelets were incubated with mouse IgG instead of 
mAb AC1.2 and treated as described above. 

The were analyzed in an Epics flow 

cytometer (Coulter Corp. ) with suitable gating. To 
da irtoibitb^ of various 

reagents, the mean fluorescence intensity of 
resting platelets (obtained on ihcubatibn icsf 
platelets without activator) was subtracted from 
the value for the activated platelet sample. 

Results of representative experiments are 
summarized in Figures 11A and 11B. TMS at 10-20 /xM 
strongly inhibited GMP-140 expression. While DMS 
did not inhibit thrombin- or ADP- induced platelet 
aggregation as well as did TMS, DMS strongly 
inhibited thrombin-induced GMP-14 0 expression . SPN 
and H-7 produced no inhibition of GMP-140 
expression. Calphostin-c produced weak inhibition 
at 10-20 MM [The compound has been reported to 
inhibit protein kinase-C at a concentration of 
0.05 /iM in vitro (Tamaoki & Nakano, Bio/Tech., 8, 
732 , 1990).]. 
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Similar results were obtained for PMA-induced 
platelets, i.e., both TMS and DMS; at 10-20 MM, 
strongly inhibited GMP-140 expression (Figure 11B) . 
Neither SPN nor H-7 shoved inhibition, even though 
5 H-7 was reported to inhibit PKC at a concentration 
of 15 /iM (Tamaoki & Nakano, supra) . 

S?CftMpLE 3 • 

HL60 (a human promylelocytic cell line 
available from the ATCC under accession number CCL 

10 240) adhesion on resting or activated 
platelet-coated solid phase was evaluated as 
follows. Each well of a 48-well plate CCostar 
Scientific, Cambridge, MA) was filled with a 
polyrL-lysirie solution (100 /ig/il iin PBS) and 

15 incubated for ! 1; hour v ^ Each well was washed 

7 ; Y v/wito. : - PBS and then 150 ptl of PB? containing 6 x 10 7 
re added to each 

well and the plate was incubated • for ; ; '- ; -l hour. 
Plates were centrifuged (300 x g for 7 minutes) and 

20 inciibated a furto at room temperature* 

Bound platelets were fixed by addition of 
0 • 1% (w/y) glutaraldehyde in PBS for 2 aiinutes at 
4 • C. Eiach well w^ with 10 mM glycihe in 

PBS and plates were incubated With 5% (w/v) BSA 

25 containing 0.1% (w/v) sodium azide, 10 mM glycine 
in PBS for 1 hour at room temperature. 
\ : ,Z;i <r:': : -: ^ter- washing with culture medi\xm (RPMI 1640 
containing 5% (v/v) FCS) , 1. x lp 6 HL60 cells labeled 

• : ' '■ ^ With; [^jthy^din^ ; were added to each well . HL60 

30 was maintained in RPHI 1640 medium (purchased from 
Irvine Scientific, Santa Ana, CA) supplemented with 
10% FCS (Hycibne, Logan, tJT) . (Raidiolabeling of 
HL60 cells used fbr cell adhesion assays was 



performed by incubating cells with 2 pCi/ml of 
t 3 ?] thymidine overnight. ) After incubation for 
45 minutes at room temperature, unbound cells were 
aspirated and veils were washed once with medium 
(RPMI 1640 containing 5% (v/v) FCS) , bound cells 
were detached with 0.05% (w/v) trypsin-0.02% (w/v) 
EDTA (iWlne Scientific) in Fra-f.Ahd the levels of 
radioactivity in each well were determined in a 
liquid scintillation counter. 

Results from representative experiments are 
presented in Figures 12A and 12B| For both 
thrombin- and PMA-stimulated platelets , HL60 cell 
binding was inhibited strongly by IMS and DMS , but 
minimally inhibited by SPN. Binding : of HL60 cells 
to activated platelets is considered to depend 
solely oh recognition by GMP-140 of sialosyl-Le* 
expressed on HL60 cells 's^e^v;t±te'-. binding was 
inhibited specifically by liposomes containing 
sialosyl-Le x but not by liposome containing other 
glycosphingolipids. 

' " . EXAMPLE 4 . . • 

Human neutrophils were obtained from normal 
male adults. Heparinized peripheral blood was 
mixed gently with an equal amount of 1% dextran 
solution in PBS in a 60 ml injection syringe. The 
mixture was allowed to sit vertically for 60 to 
90 minutes at 37 J C. The upper phase, which is rich 
in white blood cells, was mounted gently on the 
same vplke of • Ficoll-Pacpie -(:j^3^bia-, :; LKB, 
Uppsala, Sweden) in Falcon 2095 plastic test tubes 
(Becton Dickinson Labware, Lincoln Park, NJ) . 
Centrifugatipn at 450g for 30 min at 4 JC brought 
the hieutrbphils to the bottom of the tubes. The 
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upper phase and interface ., which contains 
lymphocytes, were removed carefully by aspiration. 

Contaminating erythrocytes were removed from 
the cell pellet by hypotonic lysis by resuspending 
5 the cell pellet in ice-cold distilled water for 
30 sec then adding an equal volume of ice-cold 1.8% 
NajCl solution. After centrifugation at 80g for 
10 min, the cells were resuspended with a suitable 
buffer or media. 
10 The final preparation consisted of more than 

98% neutrophils, as determined by Wright-Giemsa 
staining. The suspension was stored at 4 # C and 
used within 3 hr. 

15 Superoxide production by neutrophils was 

quant ita ted by monitoring superoxide-media ted 
reduction of ^ (Clifford, supra, in 

which the reduction is manifest as an increase in 
absorbance at 550 nm at an extinction coefficient 

20 of 21000/M/cm) • Measurements were carried out with 
a Beckman DXJ-50 spectrophotometer at 37 • C using 
»1 x lO 6 neutrophils per 2Bl . The cells were allowed 
to equilibrate for 10 min with IMS, or other 
effectors , prior to addition of 1 (M of PMA. 

25 tms had a profound effect on neutrophil 

superoxide production. 

EXAMPLE 6 ' 

O z consumption was measured using a Cleurk-type 
electrode with a Y.S.I, model P300 biological 
30 oxygen monitor and a micro o^gieh chamber assembly 
(Y.S.I, Inc. , Yellow Springs, OH) . Assays were 
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^performed at 37 # C with »6xl0* neutrophils per ml in 
a total volume of 600 pi. The cell suspensions, in 
Eppendorf test tubes, were warmed at 37 *C for 
several minutes before being applied to the 
5 microchamber. Effectors were injected carefully 
using a Hamilton syringe and stirred well with a 
microst irrer at a speed of «240 rpm. The cell 
suspensions were pre- incubated with effectors for 
5 ain piripr to addition of PMA to a final 
10 concentration of 1.0 jiM. 

TMS ! had a noted effect on neutrophil 0 2 



7 



Freshly purified neutrophils («8xl0 7 cells) 

15 were pre-incubated at 37 # C with 2 mCi of Na2H[ 32 P]0 4 
in a buffer containing 0. 1% lipid^f ree BSA-HEPES 
(10 mM pfr 7>4 : i:- 136 mM NaCl, 4.9 mM KC1> 5^6 mM 
glucose and 0.33 mM CaCl 2 ) for 60 min in a shaking 
waterbath. Excess unbound components were removed 

20 by cehtr if ligation and the pellets were resuspended 
in the same buffer, repeating twice. The cells 
; then were divided into 7 treatment: ^pups , each 
containing »1 x 10 7 cells in a total volume of 
6.4 ml. TMS, SPN or DMS was added to a suspension 

25 and incubated at 37'C for 10 min, followed by 
addition of PMA to a final concentration of 1.5 mM. 
Two minutes later;, the reaction was terminated by 
adding 0.1 ml of Laemmli v s sample buffer and 20 mM 
EDTA, followed by heating at 100 'C for 5 min. 

30 Aliguots were separated through 10% sodium dodecyl 
sulfate gels using known procedures. 32 P 
incorporation was visualized by autoradiography. 
' TMS had ait affect on phosphorylation of 
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specific proteins related to protein kinase C 
: y metabolism and activity '. 

: EXAMPLE 8 

Freshly purified human neutrophils 
5 (1^3 x ioVml iri 6,1% ^A-HEPSs rlp^m buf fe£::. ; 
pH 7.45/ 136 mk -NaCli '' '4^:^-K^ ;r ■ 5i6; A aM'" glucose 
and 0.33 mM CaCi 2 ) were incubated at 37 # C with 4 mCi 
of NaHgC 32 ]^ for 90 min in a shaking waterbath. 
After incubation, the cells were washed and 

10 re suspended iri the same buffer at a concentration 
of 1 x lb 7 cells/ml . Eabh suspension (1 ml ) then 
was prettreated with T^ r SPN or DMS, or equal 
volume of 50% ethanol, for 10 min at 37 *C. Then 
keeping the same temperature , fMLP was added to a 

15 final concentration of 1.0 mM. Two minutes later/ 
the reaction was terminated by adding 3.75 ml of 
chlorofono/methahol (1:2) to each cell suspension/ 
followed by sonication for 15 min. An additional 
1.25 ml of chloroform^ 1.25 ml of water and 50 Ml 

20 of acetone were added and the total mixture was 
* • -' mixed and left overnight . . 

Following centrifugation of the mixture, the 
phospholipids were extracted by Folch's partition 
method/ taking the lower phase from the cell 

25 lysate. After evaporation of the lower phase, 
»10000 cpm of phosphate compounds were mounted on 
a Whatman HP-KF (Whatman, Maidstone, England) 
silica gel TLC plate ,. previously impregnated with 
methanol /water (2 : 3) containingf 1% potassium 

30 peroxalate (Sigma f St. Louis/ MO) . The TLC plate 
was developed with control phospholipids, in a 
solvent comprising chlorof orm/methanol/4M NaOH at 
a ratio of 45;35:10 and containing 0.1% CDTA 



(trans-1 , ^rdiaminocyclohexane-N, N , N ' . , N 1 -tetraacetic 
acid) for 65 min at 37 # C. The bands were 
identified by staining the control phospholipids 
with primuline and visualization under ultraviolet 
light. Autoradiography was performed with Kodak 
diagnostic film GBX-2 (Rochester NY) by exposing 
overnight at 37* Ci 

TMS suppressed fMLP induced phosphorylation of 
phosphot idyl inositols. 

■ EXMfflE a 

Phagokinetic activity was observed by tracing 
tracks of neutrophils moving on a glass substrate 
coveired with gold colloid particles . The technique 
was described originally by Albrecht-Buehler, 
supra, using 3T3 and other cell lines. Briefly, 
22 x 22 mm square glass coverslips (Corning Glass 
Works, Corning, NY) were dipped for 1 min into 1% 
BSA prepared in Milli Q water. The BSA solution 
was prepared fresh each day and passed through 
0.20 jxm Nalgene filters (Nalgehe Labware Division > 
Rochester, NY) . 

The cpverslip then was drained by tbuchixig a 
Kim-wipe paper towel to its edge, dipped into 100% 
ethanol and rapidly and completely dried in a 85 *C 
hot airstreem. The cover slip was placed in a 
3.5 cm Falcon plastic dish. Then 5.4 ml of AuCl 4 H 
and 18 ml of 36,5 mM NagCOj were added to 33 ml of 
distilled water and heated. Immediately after 
reaching the bbilihg point, 5. 4 ml of 0 .1% 
formaldehyde in water were added quickly and mixed. 
The suspension of gold particles forming a brownish 
color was distributed immediately onto the dish 
(2 ml each) and the cover slip was incubated for 




WO 92/12119 PCT/US9I/09196 



42 

2 hr at 37*C. 

: Particle-coated coverslips were washed in PBS, 
then twice in RPMI 1640 and finally put in another 
3 . 5 cm Falcon plastic dish containing 2 ml of RPHI 
1640 with glutamate and pyruvate. The coverslips 
were stored at 4 9 C and used within 24 hr after 



The freshly-purified neutrophils 
(1 x 10* ceils/plate) were added onto the 

10 colloid-coated coverslip . TMS and other effectors 
were added into the medium on the plate* As a 
control, the solvent of the effectors (50% ethanol) 
was added at ah equal emoiiiit. ^ At thkt 
concentration (0.1%) , ethanol brought no 

15 isignificant effect on neutrophil activities . To 
observe cell recovery from exposure to the 
effectors, neutrophils (2 x 10 5 cells/ml) were 
pre^incubated at 37'C with 12 fM of TMS, SPN and 
DMS, then distribtited to the dish dropwise, ;. 

20 diluting the effectors 200-fold.* Incubation was 
conducted under 5% C0 2 at 37'C : for ;;;hr. { .and.' 
terminated by adding 200 #1 of 10% formaldehyde. 
Microscopic examination of each plate was performed 
with a Nikon microscope, connected to a Polaroid 

25 camera for recordings. Phagokinetic activity was 
measured by tracing the track of a neutrophil . Th6 
track was recorded with photographs, then the area 
was measured by cutting and weighing the swept 
. area . " 

30 TMS inhibited neutrophil migration without an 

adverse effect on cell viability. 

example; iq 



HU^ECVs and culture media were purchased from 
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Cell Systems (Kirklaxul, WA) . The cells were 
maintained and cultured as described in Luscinskas 
et al . / supra, with some modifications . Briefly, 
OT^c^^ ;i6 ml tissue culture - 

5 flasks on a collagen type I bed obtained from rat 
ta Lake Placid, NY) 

with CS-complete medium, CS-growth factor and 
CS-AF-1 (Ceil Systems). Cells became confluent 
within 2 to 4 days when incubated in 5% Cd 2 at 37 *C. 
10 For the transanimation assay, thick gels were 

formed in 24-well tissue culture plates. 
Preparation ot tliB get solution was carried out at 
4 # C. Eight parts of pollkgeh solution 

(Vitrogen 100, from boyine teridbn which contained 
15 less than 5 ng/ml endotoxin ; Celtrix Labs , Palo 
Alto, CA) / one part of lOx RPMI and one part of 
alkaline solution (2.2 g NaHC0 3 in 100 ml of 0.05 N 
• NaQH and 200 mM HEPES) were mixed gently and 

distributed at 0.7 ml/well. The solution was left 
;;2d-y;..; ;fbr .4 hr at 37 9 x: to eliminate air bubbles, then 
allowed to gel in a 37 # C oven for 3 hr. The wells 
were washed with 1. 0 ml of CS-ccrapl^t£ medium with 
attachment factors at least 4 times and every 3 to 
^5 h further incubation at 37 • C in 5% C0 2 . 

25 HUVEC's at a passage level of less than 3 were 

detached from 10 ml tissue culture flasks with 3 ml 
of Trypsin-EDTA at 37 # C for 3d to 60 sec. 
Immediately, 3 ml of M199 with 20% heat^ inactivated 
PCS was added. Cells were collected by 
30 centrif ligation. The pellet was resuspended in 
10 ml pf CS^cp^letev medium with attachment 
factors. Homogeneous cell suspensions were plated 
at 0.7 ml to each well and the plates were 
incubated for 3 hr at 37 • c . The supernatant, which 
;35 contains dead cells, was aspirated carefully and 
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fresh complete medium with attachment factors was 
added. Under those conditions, the HUVEC*s formed 
confluent monolsiyers in which intracellular 
junctions consistently showed silver-staining 
5 within 24 hr after plating and the cells retained 
that property after a day in culture. 

The HDVEC moholayer in 24--well tissue cultxire 
plates were wished with M199 without FCS , then 
incubated with 1 ml/well of IL-1J3 (Boehringer 

lb Mannheim Biochemical Products > Indianapolis, IN) 
dissolved in IU99 wit^ FQS 
(HIFCS) at 10 U/ml. The pliatets were incubated at 
37 rc, 5% C0 2 f or 4 hr then washed gently with 1 ml 
of M19$. The purified neutrophil suspension 

15 (lw5 x io 6 cells/ml) in M199 containing 1% HIFCS was 
pre-incubated with TMS , or other effectors , for 
10 min at 37 # c. After aspirating the media in the 
well, 0.5 ml of the neutrophil suspension were 
added onto the HDVEC monolayer. The tissue culture 

20 plate was incubated for 90 min at 37 # C. 

ilie culture was y^psaSj^t^d by gently 
aspirating the cell suspension, adding 1 ml of 10% 
formaldehyde in PBS and stored at 4 • C overnight for 
fixation. The e^ge of the collagen bed was cut 

25 k with a small spatula along the wall '2: hr before 
removal from the well. The collagen bed, which has 
HUVEC's on the surface and transmigrated 
neutrophils within was embedded in paraffin, 
sectioned and followed by staining with 

30 hematoxylin-epsin for microscopic examination . 

TMS . '';af f tete^ neutr^il migration without 
effecting cell yiabiiity. 



All references cited herein are herein 
incorporated by reference. 
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While the invention has been described in 
detail and ; with reference to certain embodiments 
thereof , it wbuld be apparent to one skilled in the 
art: that various changes and modifications can be 
: 5 made without departihg from and scope: 

■ thereof* . :: ;/\ ' 
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What is claimed is: 

1. NyNrN-trixte 

2. A pharmaceutical^ acceptable salt of 
N # N,N-trimethylsi?hingosine 

3. A medicament comprising: 

(a) a cell proliferation inhibiting 
a . ■•' m o ■ u n t . ■& . o : f 
N , N, N-trimethylsphiiigo or 
pharmaceutical ly acceptable salt 

'thereof; and 

(b) a ^plmrm^ceutically acceptable 
carrier; diluent or excipient. 

4. A compos it ion compr is ing : 

(a) a cell proliferation inhibiting 
. a i m ;• o u y-n - •• "t- -:s o f 

N>N^ N-trimeth^SE^bingosihe ; and 

(b) a easier ^ diluent or buffer. 

5. A m^ for inhibiting cell 
proliferation comprising contacting cells with a 
cell growth inhibitory amounts of 
N > N /N-t r imethyi sphingbsine. 

.-:; / ; ; ; : :;>:v:=6-. >^The method of claim 5, wherein said 
contacting step is performed ii* vitro; 

7 . The method of dlaim 5, wherein said 
contacting step is performed in vivo. 

8 . The method of claim 5, wherein said cells 
are cancer cells. 

?i The kethod of claim 5 / wherein said cells 
are of the immune system. 

C:-i'"v"^i6^::*" A An N , N ^ by the 

'".process cbn^risirig: the .'st^psAbf 

(a) d i s s p vl/.y:^i..h 4 E ) ~' 

N . N^imetJiyl-D^erythro^sphingosine 

in an anhydrous organic buffer to 
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produce a solution; . 
(b) dissolving in said solution of step 
r (a) freshly distilled iodomethane to 

produce a mixture; 
5 (c) incubating said mixture of step (b) 

• t . o ..?; " p r p d u c e: a 
N # N , N-^tr imethy 1 sphingps ine product; 
'•■:./." V : aiid ■ 
(dj s e p a r a tin g s a i d 
10 N^^-trimethylsph^ngosine produced 

therefrom. 

11. The N,N,lM:rimethylsphingpsine of claim 
10, wherein said organic buffer is anhydrous 
chloroform. 

12. The N # N f Nr-trimethylsphingbsine of claim 
10, wherein said iodomethane is present in 25-100% 
excess. ' 

■ 13; The N /N , N— t rimethylsphingosine of ; • claim 
10 f wherein said mixture of step (c) is incubated 
. overnight. ' 

14. The N,N, N-tr imethy 1 sphingosine of claim 
10, wherein said process further comprises the step 

(e) stirring said prodiw step (dj 

5 with ',' neutralized ^Mibn/ exchange " ' 

resin to produce halogen derivatized 
■ N,N>N-trimethylsphingosine; and 

(f) separating said halogen derivatized 
N # N # N-trimethylsphingosine produced 

10 therefrom. - • • 

15 A method of synthesizing 

^: comprising the steps of : 

(a) treating N, N^dimethyl sphingps ine 
with iodomethane to produce a 
5 : - . precipitate ; and ,\ 
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(b) extracting said precipitate with 
"chloroform. 

16. The method of claim 15, wherein said 
N , N-dimethylsphingosine is synthesized by a process 
comprising the steps of 

(a) tyeat iiig sphingen ine with 
•. 5. ,'" . ' ■ f pnnaldehyde I 

(b) exposing said treated sphiricjenine to 
sodium borohydride and excess 
m e t h a no 1 t o • p r o d u c e 
N , N-dimethylsphingosine ? and 

10 ' -\^V>T- /;/--;:(c) ; : e..-x^t;.r : a-- c ' t i n g s a i d 

N , N- d ime thy 1 sph irigo s ine : with 
' chloroform. " 

17. A method of inhibiting platelet 
aggregation comprising exposing platelets to an 
aggregation inhibiting amounts of 
N, N;N^trimethylsphingosine. 

18. The method of claim 17, wherein said 
platelet aggregation is induced by a cancer cell . 

; 19. A medicament comprising: 

(a) \a platelet a;ggregation inhibiting 
!:va. : m •••6v.- u h t s ..." •'/■•p . "V. f 
^ K or 
5 pharmaceutical ly acceptable salt 

. thereof ; .and ' . 
•;• :(b) ' : ' . a '• y pharmaceutical ly ' • • acceptable 
carrier , diluent or excipient • . 
"20. A composition comprising: 

(a) a platelet aggregation inhibiting 
a m p ■ u n ,"■ t.>.;:':;s : = .;■ ;' :.o-.\., f 
N, N, N^trimethylsphingosine ; and 
5 (b) a carrier, diluent or buffer. 

21. A therapeutic method comprising 
administering to a host in need of treatment of a 
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cell proliferation inhibiting amounts of 
• N>N^ a pharmaceutically 

VJ-V '• : ]^\^OQBpi^lB^ salt ..thereof. [ >•* 

"= ; 2%-.; :-A therapeutic method comptisingf 
administering to a host in need of treatment of a 
platelet aggregation inhibiting amounts of 
N;N, N-tr imethylsphingosine or a pharmaceutically 
• 5 -^cej^^l^ salt thereof . 

23. A method of modulating intercellular 
contact comprising exposing cells to a biologically 
effective amount of N, N-dimethylsphingosine or 
N, N f N-trimethyisphingbsirie wherein said 
5 biologically effective amount is an amount that 
inhibits the expression or function of a cell 
• adhesion molecule . " 

;\:'&4y[^.&& method of claim 23, wherein said 
cells are selected from the groiip consisting of 
immune system cells , endothelial cells , tumor cells 
and platelets, . . : - 

25. The method of claim 23, wherein said 
adhesion molecule is a selectiri. 

- 26. The m6thod of claim 25 , wherein said 
selectiiig is ELAM or GMP-140. 

27. The method of claim 23 which comprises 
v.-' N , N-dimethylsphingosine . 

28. The method of claim 23 which comprises 
N , N , N-tr imethylsphingosine . 

29. A therapeutic method for moderating 
inflammatory reactions comprising administering to 
a host in need of treatment an amount of 
N r N f N-tr imethylsphingosine, or a pharmaceutically 

5 ac^^ of inhibiting 

neutrophil activity. 

30. The method of claim 29 wherein said 
amount is capable of inhibiting neutrophil 
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trans endothelium migration. 

31 . The method of claim 29 wherein said 
amount is capable of inhibiting neutrophil 
superoxide production. 

32. A therapeutic method for minimizing 
tissue damage resulting from superoxide exposure 
cpmprising administering to ai host in need of 
treatment an amount of N^^N-trimethylsphingosine, 

5- or a pharmaceutically acceptable salt thereof, 
capable of inhibiting neutrophil superoxide 
production. 

33. A method for controlling neutrophil 
metabolism comprising exposing neutrophils to an 
activity inhibiting amount of 

34. The; method of claim 33 wherein said 
amount inhibits neutrophil superoxide production. 

35 - The method of claim 33 wherein said 
amount inhibits neutrophil migration. 

36. A method of storing biologic material 
comprising posing said material *to a aail growth 

^ inhibiting ampirnt of N/NjN-trime^ 

37. The method of claim 36 wherein said 
bipibgic jnaterial is blood or a blood product. 
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N.N - Dimethylsphingosine (2) X=Me 




N.N.N-Trimethylsphingosine (3) 

FIG. 1 
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